Culture filtrates of Lactobacillus lactis and Lactobacillus bulgaricus were observed to contain material inhibitory against Staphylococcus aureus. The concentration of inhibitor increased on storage of the lactobacilli at 5 C, and the maximum was attained after five days. A carbohydrate source was necessary for the formation of this inhibitory activity by resting cell suspensions. The inhibitory factor was identified as hydrogen peroxide. Storage of lactobacilli in dextrose at neutral pH and at 5 C resulted in maximum accumulation of hydrogen peroxide.
Inhibitory activity associated with cultures of lactobacllli has been shown previously by several workers (1, 3, 6, 8, 9, 14, 15, 17) . In addition to lactic acid, a heat labile compound(s) has been eommonly implicated as an inhibitory product (10, 16) . Wheater et al. (18) observed inhibition of Staphylococcus aurcus by a strain of Lactobacillus lavt~s. They proposed that inhibition of S. aureus resulted from the formation of hydrogen peroxide by the L. lactis. However, they were unable to show the presence of hydrogen peroxide in the lactobacillus growth medium and indicated that viable lactobacilli were necessary for the inhibition of the staphylococcus. During our studies we also observed that inhibition of S. aureus by certain strains of L. lactis and L. bulgaricus was caused by the formation of H~O~ by lactobacilli. However, we were able to show the accumulation of H20~ in the lactobacillus growth medium.
This observation prompted further work to obtain information on the factors influencing the hydrogen peroxide formation by the lactobacilli and to clarify the influence of this compound on the growth of S. aureus.
Materials and Methods
Organ,~ms. Single strains of laetobacflE were isolated from yogurt starter cultures ob- tained from commercial supply houses by plating on lactic agar (2) . All isolates were transferred in sterile litmus milk and subcultures were made with 1% inoculum; incubation was at 35 C for approximately 16 hr. For inoculation of lactic broth or trypticase soy broth, cultures were transferred in the same medium for at least three transfers before llse.
Strains LA 10-65 and DN-1 were identified as L. lactis and strains NYL1 and SYL1 as L. bulgaricus, according to the scheme described by Sharpe et al. (11) .
Staphylococcus aureus MF31, an enterotoxigenie strain, was transferred daily in tryptiease soy broth using 1% inoculum and incubation at 35 C for 15 hr.
Between transfers all cultures were stored in the refrigerator.
Cup plate assay. An agar diffusion method was used to determine inhibition of S. aureus by lactobacilli. Fifty milliliters of sterile 3% agar and 50 ml of reconstituted nonfat dry milk (20% total solids) were tempered to 45 C, and mixed. To this mixture 10 ml of 20% calcium carbonate solution was added. Again the contents were mixed and 10 ml aliquots were removed to duplicate plates to be used as controls. The remainder of the agar-milk mixture was inoculated with 1% of the lactobacillus test strain. Volumes of 10 ml were placed in duplicate plates. The open end of a sterile tube (inside diameter 22 ram) was pressed on the solidified milk agar. This was first done on the control plates and then repeated on plates containing the lactobacillus. A sterile spatula was used to lift out and discard the agar from the circle. Then to a tube containing 10 ml of trypticase soy agar (tempered to 45 C), 0.1 ml of 0.4% triphenyltetrazolium chloride and 0.1 ml of actively growing S. aureus culture were added. After mixing, a portion of the inoculated agar was used to fill the cup inside the solidified milk agar. The plates were then incubated at 35 C for 24 hr and were observed for inhibition of the staphylococcus inside the cup. The width of the clear band was measured and recorded.
The foregoing method allowed certain advantages in detecting inhibitory strains of the lactobacillus: 1) the inhibitory effect of acid produced by the growing culture was eliminated by the carbonate; 2) the lactobacillus could be preincubated to allow accumulation of inhibitor before adding the staphylococcus.
To check the effect of pre-incubation of lactobacillus on the inhibitory zone size, different plates were incubated at 35 C for 2 hr, 4 hr and 6 hr. The cups were then prepared and filled with trypticase soy agar inoculated with the staphylococcus. The plates were incubated for 24 hr after which width of the band of inhibition was recorded.
Measurement of activity of spe~t medlum. Several bottles containing 100 ml of sterilized trypticase soy broth were inoculated using 1% o£ L. laetis LA 10-65 and incubated at 35 C. The cultures were removed at intervals, tempered and stored at 5 C. For assay 22.5 ml from each bottle was adjusted to pit 7.0 and the final volume of each was made to 25 ml. Each sample was sterilized by Seitz filtration. The cell free culture filtrates (1 ml, 2.5 ml and 5 ml) were dispensed in sterile tubes. The volume of each tube was adjusted to 5 ml with sterile water. For control, 5 ml of water was used. Double strength trypticase soy broth was inoculated with 0.05% of S. aureus. After mixing, 5 ml of this inoculated broth was transferred to each tube. The tubes were inverted three times and incubated at 35 C for about six hours (Control ----approx. 30% transmittance). The per cent light transmission of each tube was determined at 600 mt~.
Preparatio~ of cell suspensions. The lactobacillus culture was grown in trypticase soy broth at 32 C until the medium reached pit 5.5. The culture was cooled and centrifuged at 5000 g for 20 min. The supernatant was discarded and the cells were washed twice with 0.05 ~ sodium phosphate buffer (pH 7.0). Cells were resuspended in phosphate buffer and distributed equally in sterile solutions of 0.25% dextrose, 0.3% phytone, 1.7% trypticase and 0.05 ~ phosphate buffer (pit 7.0). The cell suspensions were stored at 5 C. Cell free filtrates of the above suspensions were then tested for the presence of inhibitory material after various periods of storage according to the method described for spent medium.
Measurement of hydrogen peroxide. ]~ydro-gen peroxide accumulated in the cell suspensions was measured by the method of Oram and Reiter (7) .
Results
In the preliminary survey various strains of lactobacilli isolated from yogurt starter cultures were tested by the cup plate assay (Fig. 1) for the inhibition of S. aureu~. The data ( Table  1) indicated preincubation of the lactobaeillus up to six hours increased inhibition of the staphylococcus. Strain LA 10-65 was the most potent inhibitor producer and was used in further studies.
Similar results were obtained when milk agar base was replaced by lactic agar or trypticase soy broth agar in the above experiment for the cup plate assay. This feature permitted the use of trypticase soy broth for determination of the inhibitory factor produced by strain LA 10-65. The lactobacillus was then grown in trypticase soy broth for various periods of time and the spent broth was tested for inhibition of S. aurens. The results (Table 2) indicated that incubation of the lactobacillus culture for 12 hr produced the maximum inhibition. However, when the experiment was repeated using spent broth of a fresh 12 hr culture, very little inhibition was observed. At this point it was realized that in the earlier experiment the cultures were removed from the incubator at different intervals and were stored at 5 C until all samples were tested. Subsequently it was observed that storage of the lactobacillus culture for five days at 5 C resulted in maximum inhibitory activity (Table  3) .
Further experiments indicated that suspension of lactobacillus cells in fresh trypticase soy broth or in one of its components produced a similar effect on storage at 5 C ( Table  4) . The results also indicated that possibly the presence of a carbohydrate source was necessary for formation of this inhibitor, as no activity was observed when cells were suspended in phosphate buffer or in 1% acid hydrolyzed casein.
The inhibitory compound that accumulated in the culture and in the cell suspensions was (Table 5 ). Under the conditions of the assay, this strain of S. aureus was observed to be sensitive to the presence of 6 ttg/ml of H.oO~ (Table 6 ). However, other results presented in Table 6 indicated that this concentration was only bacteriostatic. The bactericidal concentration for this strain was observed to be 20 tLg/ml when tested under static conditions and 22 gg/ml when tested under shake conditions. The bactericidal concentration for three other strains of staphylococci tested was 25-35 t~g/ml. The data presented in Table 7 indicate the amount of H~02 aecunmlated by LA 10-65 cells on storage at 5 C in dextrose + phosphate buffer adjusted to different pH. At all pH values most of the H.~O~ was formed within 24 hr. However, the final concentration of H,_,O~ on storage for 15 days was highest at pH 7.0. With the decrease or increase in pH from neutrality, the concentration of H~O~ also decreased markedly. These results indicate that even in an acid medium the lactobacilli were able to form H.~O~. Furthermore, the I=LO.~ formation was dependent on temperature of storage of cell suspensions. At higher temperatures, the concentration was much lower than at 5 C (Table 8) . Initial viable population 30 × 107/ml. b 25% cell free filtrate added.
Discussion
Certain lactobacilli have been shown to produce inhibitory products against other organisms normally considered as objectionable in foods. Hydrogen peroxide formation seems to be one way in which these bacteria repress the growth of organisms such as S. aureus. Our studies did not indicate the presence of any inhibitor other than lactic acid and H~O~. The results of others (6, 9) would suggest that different species of laetobacilli may also produce other types of inhibitors against various undesirable microorganisms. In our study it was shown that even at refrigeration and low pH temperature, lactobacilli isolated from yogurt produced H~O_~. To what extent I=I~O.. plays its role during storage of fermented foods such as cheese is not yet clearly understood. From these studies it would appear to be an important factor in repressing the growth of certain undesirable bacteria if present in the food.
It has been reported that some strains of lactic acid bacteria can oxidize certain substances with a high rate of oxygen consumption (4, ]2). I-Iowever, the pathways of electron transport in the course of these oxidations are not yet clearly understood. Strittmatter (12) observed that heine-linked enzymes were (control) . Right plate seeded with lactobacillus on the outside of the cup and the inner cup seeded w~th S. aureus. The band of ~nhibition is clearly visible. not involved in the high capacities of various lactobacilli for electron t r a n s p o r t from a variety of oxidizable substrates to oxygen; however, specific flavin components were present in high concentration in each of these organisms. Accumulation of H:0~ is characteristic of flavo-protein respiration and has been observed d u r i n g some oxidative activities by certain strains (5, 12, 13, 19) . A similar system might be responsible for accumulation of I-I~0~ by the lactobacilli used in this study. Prelimi- 4  5  98  12  100  4  6  100  12  100  4  10  100  14  100  5  16  100  83  100  16  18  100  85  100  31  20  100  100  100  70  22  100  100  100  100  25  100  100  100  100 a Incubation at 35 C. n a r y investigations have shown that the cellfree extracts of L. lactis L A 10-65 contain an oxidase enzyme system which also inhibits the growth o f S. aureus. F u r t h e r studies to characterize this system are in progress. 
